In this paper, the one-dimensional principal component lter banks (PCFB's) derived iii
In a typical multirate lter bank, the input signal is rst processed by a bank of frequency according to the application at hand (e.g. quantized for data compression). The processed subband signals are upsampled to their original rate and ltered using a bank of synthesis lters. By carefully designing the analysis and synthesis lters, the input signal can be exactly reconstructed from the subband components 12, 14, 23, 11, 26, 18, 19, 10, 25] . The design of exact reconstruction lter banks is based on the assumption that all the subband signals are available to the synthesis bank and that the subband signals are free of distortion.
In practical image compression systems, this is not the case since at low bit rates (high compression ratios), entire high frequency subbands are often discarded. Typically, exact reconstruction lter banks are designed so that the analysis/synthesis lters approximate ideal frequency selective lters. In this work, no such restriction is made on the frequency response of the analysis/synthesis lters but rather the lter bank is designed to perform optimally in the information theoretic sense. A major result presented in this paper is that the PCFB described is the P-band paraunitary lter bank that results in maximum TCG. The remainder of the paper is organized as follows: Section 2 includes de nitions and notational conventions used throughout the paper; Section 3 contains the main results: and Section 4 includes an algorithm to design an MD PCFB along with simulation results.
DEFINITIONS AND NOTATIONAL CONVENTIONS

Uniform Filter Banks
In this paper both polyphase and multichannel notations are used. These notational conventions result in a linear time-invariant formulation for the multi-rate ltering expressions. For details, the reader is referred to 21]. Consider the lter bank structure in Figure 2 , the column vector n = n 0 n 1 n d 
where k M;j ] denotes the index for the jth element of x M (z) andx M (z).
Using this notation, it is easily veri ed that the input/output relationships for the lter bank are 
Non-stationary Random Case
The following theorem gives the optimal lters in the frequency domain.
Theorem 3.1. Let x n] be a P-vector, real-valued zero mean process with time varying autocorrelation matrix R xx (n; ) = Efx n + ]x T n]g; (3.2) such that it is uniformly absolutely summable, i:e:, 8 n; X j R i;j] xx (n; ) j B i;j < 1; i; j = 1; 2; : : : ; P: 
Hence,
In order to minimize (3.8), the integrand must be minimized for every !. Because of the positive-semide niteness of S xx (!), the integrand can be rewritten as (3.9) where the superscript \1/2" denotes the \square root" 3 of a matrix. Then, the rank Q matrix G(!) minimizes ( The last inequality comes from Equation The power spectral density (j H(! 1 ; ! 2 ) j 2 ) is shown in Figure 4 . The simulation results are obtained for one separable and one non-separable resampling matrices. Table 1 shows that the PCFB has advantages over the traditional parallelogram lter bank.
Maximization of the Theoretical Coding Gain
Attempts to directly design lters via Proposition 3.3 produces brick-wall ideal lters.
These cause in-band aliasing at the lter transition when lters switch from non-zero constants (zero) to zero (non-zero constants).
Case 2: Practical Non-stationary Signal
Now the above algorithm is applied to the 256 256 cameraman image for seven di erent resampling lattices of rate four 2]. Figures 5 through 11 are the rst subband analysis lters and reconstructed images retaining only one subband using PCFB's and traditional parallelogram FB's for di erent resampling matrices with sampling rate four. The reconstructed images associated with the downsampling direction which is parallel to the dominant edges in the input image approximate the input better than others as expected. Figure 12 
